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Introduction
Speech is an inherently variable signal: tokens of identical phonemes and words are acoustically distinct. When acquiring their native language, infants have thus to detect the equivalence of these different tokens in spite of their variability. For instance, the acoustic properties of consonants differ as a function of the following vowel. After only a few months of life, infants normalize this acoustic variation (Bertoncini, BijeljacBabic, Jusczyk, Kennedy, & Mehler, 1988; Hochmann & Papeo, 2014; Mersad & Dehaene-Lambertz, 2016 ). Infants must also detect which aspects of phonetic variation in the speech signal are meaningful, i.e. reflect distinctions among the phonemes and hence words of their native language. Numerous behavioral studies report that by the end of the first year of life, infants have learned to interpret which phonetic distinctions are relevant (or not) to recognize the phonemes of their native language (e.g., Kuhl, Williams, Lacerda, Stevens, & Lindblom, 1992; Polka et al., 1994; Werker & Tees, 1984) . More recently, electrophysiological measures have confirmed these findings (Bosseler et al., 2013; Conboy & Kuhl, 2011; Peña, Werker, & Dehaene-Lambertz, 2012; Rivera-Gaxiola et al., 2007a; Rivera-Gaxiola, Klarman, Garcia-Sierra, & Kuhl, 2005; Rivera-Gaxiola, Silva-Pereyra, & Kuhl, 2005) . For instance, Peña et al. (2012) collected electro-encephalographic (EEG) measures in 9-and 12-month-old Spanishlearning infants using a mismatch paradigm. They computed infants' auditory mismatch response (MMR), an ERP component that reflects the automatic detection of perceptual change in both adults (Näätänen et al., 1997 (Näätänen et al., , 2012 and infants (Dehaene-Lambertz & Baillet, 1998; Dehaene-Lambertz & Dehaene, 1994) . In each trial, infants listened to a series of three identical syllables ([da] ) that were followed by a fourth syllable that was either identical or differed from them in the first consonant. Crucially, the deviant consonant always differed on the same phonetic feature (i.e., place of articulation) but could be either native (i.e., [ba] ) or non-native (i.e., [a] , with [] a retroflex consonant that does not occur in Spanish). The authors observed that at 9 months, infants showed a MMR in response to both the native and the non-native deviant consonants; hence, they detected the phonetic change in place of articulation from [da] to both native [ba] and non-native [a] . By contrast, 12-month-olds showed a MMR in response to the change to native [ba] , but failed to detect the phonetic change to non-native [a] . Importantly, English-learning infants discriminate the contrast at 6-to 8-month of age, but fail to do so by the time they are 10-to 12-months of age, thus showing perceptual attunement (Pegg & Werker, 1997) . In a similar vein, English-learning infants lose their sensitivity to the contrast between oral and nasal vowels between the ages of 4 and 11 months (Seidl, Cristià, Bernard, & Onishi, 2009) . While both types of vowels occur in their language, the contrast between them is never used to distinguish meaning: nasal vowels are phonetic variants of oral vowels, occurring before nasal consonants (cf. beet and bean, whose vowels only differ in nasality).
In this article we focus on yet another type of perceptual attunement, which has hitherto not been investigated. Specifically, depending upon the phonological context in which they appear, even native contrasts that are used to distinguish word meaning can be difficult to discriminate (Mitterer & Blomert, 2003; Sun et al., 2015) . For phonetic learning, this raises the question of whether infants' perceptual attunement is likewise context-dependent, taking into account language-specific phonological processes and the contexts in which they apply. Nine-month-old infants are sensitive to phonological context: they have acquired constraints upon the sequencing of phonemes within syllables and words in their language (i.e., phonotactics), and prefer to listen to phoneme sequences that are phonotactically legal or frequent as opposed to illegal or infrequent Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, 1993; Jusczyk & Luce, 1994) . Moreover, 14-months-old infants show some evidence of context-sensitive perceptual attunement: Japanese infants of this age perceive an illusory vowel within consonant clusters that are illegal in their language (Mazuka, Cao, Dupoux, & Christophe, 2011) , similarly to Japanese adults (DehaeneLambertz, Dupoux, & Gout, 2000; Dupoux, Hirose, Kakehi, Pallier, & Mehler, 1999) .
However, whether and how language-specific phonological processes (like French voicing assimilation) influence infants' capacity to discriminate native phoneme contrasts in the context of these processes has not been investigated.
In the present study, we thus tested whether French 14-month-olds, who have already lost the ability to distinguish non-native contrasts 3 , are also insensitive to the native voicing contrast when it occurs in an assimilation context. We recorded high-density EEG, using a mismatch trial design as in Peña et al. (2012) . We analyzed the presence or absence of a MMR in response to a voicing change in two types of context, one that 3 To our knowledge, there is no ERP study investigating perceptual attunement for phoneme categories in French-learning infants, but given that it has been documented at 12 months of age for infants learning a number of languages, including English, Spanish, and Japanese, we have every reason to assume that French 14-month-olds have likewise acquired their native phoneme categories.
allows and one that does not allow for voicing assimilation. The MMR is particularly suited to study native phoneme discrimination, given its sensitivity to the linguistic relevance of the phonetic change in the participant's native language (DehaeneLambertz & Baillet, 1998; Näätänen et al., 1997) . If 14-month-olds have already developed sensitivity to the native process of voicing assimilation, they should -like
French adults -exhibit a MMR in response to a voicing change only in contexts that cannot trigger voicing assimilation in French. Alternatively, if they have not yet developed this sensitivity, they should exhibit a MMR to a voicing change regardless of context.
Material and Methods
Participants
Forty-three healthy infants (23 females; mean age: 427 days, range: 396-441 days) raised in a monolingual French-speaking environment participated in the study. All infants were born full-term (37-42 weeks gestation) with normal birthweight (>2500g).
All parents gave informed consent before the study. According to parental report, infants had normal vision and audition and had no exposure to other languages. Forty additional infants were excluded from the analyses because of an insufficient number of trials (N=27), parental interference (N=2), or because they presented less than 13
artifact-free EEG trials per condition (N=11). We received 29 others infants who did not provide any data because they refused to wear the net.
Design and stimuli
The stimuli were a subset of the ones used by Sun et al. (2015) ; they all had a vowelconsonant-consonant-vowel structure (V1C1C2V2 presented in a pseudo-random order, such that no more than two consecutive trials used the same precursor. The experiment was run using the MATLAB Psychophysics Toolbox extensions (Brainard, 1997) . The maximum duration was approximately twenty minutes, but the experiment was stopped earlier if the infant became restless.
EEG recording and preprocessing
EEG was recorded using the Net Station 4.3 (EGI software, net amp 200 system) and the EGI (Electrical Geodesics Incorporated, USA) 128-channel HCGSN sensor net adapted to infants' cranial perimeter. During the recording, the EEG signal was referenced to the vertex (Cz) and digitized at a sampling rate of 250 Hz.
After acquisition, data were preprocessed using MATLAB and the EEGLab toolbox (Delorme & Makeig, 2004) . Recordings were digitally band-pass filtered and segmented into epochs starting 500 ms prior to the onset of the first consonant of each test stimulus and ending 600 ms after it. For each epoch, channels contaminated by eye or motion artifacts (defined as local deviations higher than 80 µV) were automatically excluded, and trials with more than 40% contaminated channels were rejected. Channels containing fewer than 50% good trials were also automatically detrended, baseline-corrected (from 500 ms before the onset of the critical consonant C1), and finally transformed into reference-independent values using the average reference method (Luck, 2005) .
EEG data analysis
Due to the multiple dimensions that can potentially be considered, ERP data analyses are especially sensitive to Type I errors (false alarms), notably when selecting the time 
Results
Determination of the channel-clusters and time windows of interest with the Place Change condition
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We infer that the first negativity response is automatically generated by the detection of the acoustic differences of C1 in the first syllable of the precursor and test items (e.g., Winkler, 2007) . Given the nature of the predicted effects (failure to detect a voicing change in a language-specific assimilation context), we thus focused our analysis of the conditions of interest on this second response.
We selected the corresponding electrodes cluster featuring the largest difference (p <.005 for each channel) between the No Change and the Place Change conditions. These clusters contained 17 channels (including F4, C4, P4 and T8; t(42) = 3.25, p < .005, see the black triangles on Figure 1 ). We used the same time window and electrodes clusters extracted from this localizer to test for the presence of a mismatch response in each condition of interest.
Analysis of the conditions of interest
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Discussion
We showed that 14 month-old French-learning infants' capacity to discriminate a native voicing contrast is context-dependent. That is, similarly to French adults (Sun et al., 2015) , they exhibit a MMR to a voicing change when the following sound is a nasal (No for such compensation at an older age has been shown with a word recognition task (Skoruppa, Mani, Plunkett, Cabrol, & Peperkamp, 2013) . In this study, 24-month-old French toddlers were tested in a looking-while-listening paradigm. Target pictures of familiar objects whose name end in a consonant that can undergo assimilation (e.g., an egg -French: oeuf [oef]) were presented side-by-side with distracter pictures of unfamiliar objects. In the probe sentences, the target name was pronounced with a final voicing change either in an assimilation context, i.e. before an obstruent (e.g., Regarde l'oeuv devant toi. 'Look at the egg in front of you.') or in a no-assimilation context, i.e.
before a nasal (e.g., Regarde l'oeuv maintenant. 'Look at the egg now.'). Toddlers looked longer at the target pictures in the assimilation than in the no-assimilation context. Thus, they more often considered the assimilated form of the target words as a possible instance of these words when the context allowed for voicing assimilation than when it did not. In other words, they showed context-specific compensation for their native process of voicing assimilation (see Darcy, Ramus, Christophe, Kinzler, & Dupoux, 2009 , for a similar study with French adults). As shown by the EEG study with adults reported in Sun et al. (2015) , compensation for assimilation influences not only word recognition but also phonetic discrimination. Using a subset of Sun et al. (2015) 's stimuli and an adapted paradigm, we provide evidence that this type of contextdependent perceptual attunement is already in place at 14 months of age.
These results leave open two questions concerning how and when infants acquire native phonological processes and hence become insensitive to native sound contrasts in particular contexts. Let us start by considering possible learning mechanisms. For the classic case of perceptual attunement to native sound categories, distributional learning theories (Kuhl et al., 1992; Maye, Weiss, & Aslin, 2008; Maye, Werker, & Gerken, 2002) postulate that infants attend to the distribution of speech sounds in the acoustic space. As tokens of a given sound category cluster together, this would allow them to discover the speech sound categories used in their language. By taking into account the contexts in which the sounds of their language occur, infants could similarly infer which contrasts are meaningful, and hence distinguish words (Peperkamp, Le Calvez, Nadal & Dupoux, 2006) . For instance, before knowing any words English-learning infants could infer that the contrast between oral and nasal vowels is not meaningful in their language by observing that nasal vowels occur before a nasal consonant while oral vowels occur in all other contexts. Noticing this complementary distribution, then, would result in loss of sensitivity to the oral-nasal contrast. Distributional learning mechanisms have been argued to be supplemented by top-down information. For instance, infants could benefit from consistent pairing of speech with visible objects (Yeung, Chen, & Werker, 2013; Yeung & Werker, 2009 ), or they might use their knowledge about (real or even approximate) word forms (Feldman, Griffiths, Goldwater, & Morgan, 2013; Feldman, Myers, White, Griffiths, & Morgan, 2013; Swingley, 2009 (Fenson et al., 2007) can undergo voicing assimilation) 5 , most of these words are not yet known at the age of 14 months: in vocabulary data for a sample of 103 monolingual 14-month-olds (mean number of known words: 74, SD= 64) tested in the same lab as those in the present study, only 13% of the assimilable words contained in the French CDI are reported to be known by more than a quarter of the infants, and only 2% by more than half of them. Thus, an account based on infants' knowledge of word meanings appears unlikely.
On the other hand, infants may rely on a natural clustering of tokens of assimilable words: if both assimilated and non-assimilated forms of the same word often appear within a short period of time (for example, within a short conversation), it might be possible for them to consider them as two instances for the same word. Importantly, this mechanism is independent on infants' knowledge of word meanings. Some support for this hypothesis is provided by data from an orthographically transcribed corpus of spontaneous conversations in the presence of young children, taken from the CHILDES database (MacWhinney, 2000) . In this corpus, 7% of the word tokens end in a consonant that can undergo assimilation and of these, 10.2% occur in an assimilation context. Crucially, pairs of tokens of the same word, one occurring in an assimilation and one in a no-assimilation context (within a single recording session), tend to cluster together. That is, nearly 40% of these co-occurrences are found within an estimated two-minute stretch of speech 6 . Moreover, co-occurring tokens of distinct words that
5
For adjectives, we considered both masculine and feminine forms, and for verbs, all forms of the indicative mode. For the following analyses, we used an augmented version of the corpus analyzed by (Ngon et al., 2013) , containing over 425,000 word tokens, and considered the full extent of the French voicing assimilation process, including both voicing and devoicing changes (see note 1). differ only in their final consonant (e.g. mousse [mus] 'foam' vs. mouche [muʃ] 'fly') are three times less likely to appear within the same time frame. The clustering of assimilated and unassimilated tokens, then, might be a powerful cue for infants to infer that word-final voicing differences do not signal differences in word meaning, but, rather, reflect systematic variation induced by voicing assimilation.
Finally, as to the question of when infants acquire native phonological processes and hence show context-sensitive perceptual attunement, the scenario sketched above relies on word segmentation and sensitivity to the clustering of assimilated and nonassimilated word forms within short stretches of speech. Word segmentation abilities emerge between 6 and 12 months of age (for a review, see Nazzi et al., 2013); we therefore cannot exclude that the acquisition of native phonetic categories and of phonological processes proceed simultaneously, such that context-dependent perceptual attunement evidenced here arises at the same age as 'standard' perceptual attunement, i.e. before the end of the first year of life. Alternatively, the acquisition of phonological processes might lag behind the acquisition of native phonetic categories. We deem this to be more likely, as it takes time not only to fully develop word segmentation abilities but also to gather enough data on clustered tokens of assimilated and non-assimilated word forms. We therefore predict that 12-month-old French-learning infants behave differently from the 14-month-old ones that we tested, and discriminate native voicing contrasts regardless of the context in which they appear.
Conclusion
To conclude, this research provides evidence for a novel type of context-dependent perceptual attunement. Specifically, we demonstrated that by the age of 14 months, infants' native phoneme categorization does not only rely on the processing of individual sounds, but also takes into account the phonological contexts in which these sounds occur, in a language-specific manner. Further research is needed to determine the precise age range at which this context-dependent perceptual attunement emerges, and to understand the underlying learning mechanism.
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